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Bone mineral density reduction in adolescents with systemic
erythematosus lupus: association with lack
of vitamin D supplementation
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Abstract The aim of this study is to evaluate body composi-
tion and the bone mineral density in female adolescents with
juvenile systemic lupus erythematosus. Body composition
(BC) and bone mineral density (BMD) were evaluated in an
observational cohort study with 35 postmenarcheal adolescent
females. The variables studied were as follows: current and
cumulative corticosteroid dose, intake of supplements con-
taining calcium and vitamin D, 24-h proteinuria, body mass
index (BMI), and height for age (Z-score). BC was assessed
using dual-energy X-ray absorptiometry (DXA) at two time
points (median interval of 1.2 years). The fat mass index
(FMI=fat mass in kilograms divided by the height in meters
squared) and lean mass index (LMI=lean mass in kilograms
divided by the height inmeters squared) were calculated based
on the DXA results. BMD was classified according to the
International Society of Clinical Densitometry (low BMD
for chronological age < −2.0 standard deviations). .The mean
age of the subjects was 15.4±1.8 years. Of patients, 54.3 %
were normal weight, 22.8 % were overweight, 22.8 % were
obese, and 8.6 % had short stature. Low BMD for chronolog-
ical age was observed in 42.8% of patients, and 60%were not
taking vitamin D. There was no significant difference between
the two time points with respect to FMI, LMI, or body mass
index Z-score (ZBMI); however, BMD has decreased signif-
icantly (p=0.011). There was an association between not tak-
ing a vitamin D supplement and decreased BMD (p=0.027).
Almost half of the patients had altered nutritional status. The

BMD decrease in adolescents with juvenile systemic lupus
erythematosus (JSLE) was associated with the lack of vitamin
D supplementation, highlighting the importance of well-
defined vitamin D supplementation protocols.
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Introduction

In the last decade, advances in the diagnosis and treatment of
juvenile systemic lupus erythematosus (JSLE) have allowed for
increased patient survival, and complications that were previ-
ously infrequent have become part of the progression of the
disease [1, 2]. Changes in body composition (BC), such as
increased fat mass and decreased lean mass and bone mineral
density (BMD), can be highlighted. These changes are multi-
factorial in origin and are caused by a lack of physical activity,
hormonal changes, delayed puberty, increased inflammatory
cytokines (e.g., interferon-γ, tumor necrosis factor), kidney im-
pairment, nutritional disorders, vitamin D deficiency, and the
intake of medications such as corticosteroids [3].

The loss of bone mass in SLE patients causes decreased
BMD, damage to the tissue microarchitecture, increased bone
fragility, and the consequent increased risk and prevalence of
fractures [4–10].

Dual-energy X-ray absorptiometry (DXA) is the gold stan-
dard for the assessment of BC and BMD, even for the pediat-
ric age group [11]. Most studies, using a cross-sectional de-
sign, have reported decreased BMD in the progression of
JSLE patients compared with controls [12–17]. At present,
only three longitudinal studies have been performed in JSLE
patients with controversial results [18–20]. Trapani et al. did
not report a difference in BMD after a 1-year follow-up. The
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authors reported a significant and inverse correlation between
the cumulative dose of corticosteroids and BMD, but no sim-
ilar relationship was observed in relation to the activity or
duration of the disease. On the other hand, some authors
showed a reduction in BMD after 1-year follow-up in JSLE
patients. This reduction, however, was not associated with any
clinical parameters. These authors showed that, at disease on-
set, the loss of BMD is higher regardless of disease activity
[18]. Lim et al. were able to predict a more intense reduction
of BMD in pubertal patients at diagnosis, in patients with
overweight and higher cumulative dose of steroids [19]. In
both studies, neither levels nor use of vitamin D was associ-
ated with reduction of BMD in JSLE patients [18, 19].

Vitamin D deficiency is frequent in JSLE patients, ranging
from 37 to 57 % [21]. Studies showing a correlation between
vitamin D deficiency and bone health are scarce and highlight
the need for supplementation [17].

The objective of this study was to evaluate BC and BMD in
female adolescents with JSLE as well as to evaluate the influ-
ence of the severity of the disease, corticosteroid intake, and
supplementation with vitamin D on BMD.

Patient selection and methods

BC and BMD were assessed by DXA in an observational co-
hort study with a convenience sample of postmenarcheal fe-
male adolescents (n=35) diagnosed with JSLE according to
the criteria of the American College of Rheumatology and seen
at the Pediatric Rheumatology outpatient clinic at the Federal
University of São Paulo (Universidade Federal de São Paulo
(UNIFESP)) from 2010 to 2013. Patients with other associated
chronic diseases (diabetes, cardiomyopathy, endocrinopathy, or
nephropathy not related to SLE) were not included. DXAwas
performed at two time points with an interval between 9 and
20 months (with a median of 1.2 years).

Demographic, clinical, and treatment data were collected
from patient records, taking into account the medical appoint-
ments performed closest to the imaging tests. The cumulative
dose of corticosteroids (oral and intravenous) was calculated.
The supplementation with calcium varied according to the in-
take between 500 and 1200 mg daily, and vitamin D was given
in a dose between 400 and 800 UI . To evaluate JSLE activity,
the Systemic Lupus Erythematosus Disease Activity Index 2000
(SLEDAI-2K) was assessed at both time points [22].

Weight and height were assessed according to World
Health Organization (WHO) guidelines. For the assessment
of nutritional status, body mass (body mass index Z-score
(ZBMI)) and height-for-age (ZH) indices were expressed as
Z-scores using the WHO AnthroPlus statistical software. Pa-
tients were categorized as overweight when the ZBMI was
between 1 and 2, obese when ZBMI was >2, and having short
stature when the ZH was < −2 [23].

The BC and BMD assessments were performed using
DXA and always by the same trained technician from the
Bone Densitometry unit at UNIFESP under the supervision
of the unit’s physician using the LUNAR™ DPX-MD plus
device (GE-Lunar Radiation Corporation) equipped with
software for pediatric testing (version 8.5). Different scan
modes were used, taking into account the height and weight
of the patients (the slowscan mode was used for obese pa-
tients, and mediumscan mode was used for the others).

For the DXA, the patients were positioned according to the
standard procedure. The coefficient of variation was 2 % for
the entire body. For the quality testing performed daily, a
phantom provided by the manufacturer was used with a pre-
cision error of less than 1 %.

The data obtained from the DXAwere used to calculate the
fat mass index (FMI=total fat mass in kilograms divided by
the height in meters squared) and lean mass index (LMI=total
lean mass in kilograms divided by the height in meters
squared) for both time points. BMD was classified according
to the criteria of the International Society of Clinical
Densitometry (low BMD for chronological age < −2.0 stan-
dard deviation) [24].

Patients were routinely seen by a multidisciplinary staff,
who recommended the intake of three portions of milk (or
dairy products) per day and engaging in physical activity.

A free and informed consent form was signed by the pa-
tients and their legal representatives. The study was approved
by the UNIFESP Research Ethics Committee.

The IBM® SPSS® Statistics version 20.0 software was
used for the statistical analysis. The continuous variables were
tested for normality using the Shapiro-Wilk test. For the com-
parison between the first and second time points, the
Wilcoxon test was used for the non-parametric variables, Stu-
dent’s paired t test was used for the parametric variables, and
McNemar’s test was used for the categorical variables. An α
smaller than 5 % (p<0.05) was used to indicate statistical
significance.

Results

The adolescents included in the study had a mean age of 15.4
±1.8 years; they had been receiving treatment for JSLE for an
average of 3.7 years (range, 0.4 to 11.0 years), and the median
interval between the two assessments was 1.2 years (range,
0.9 to 2.0 years) (Table 1).

At the initial time point, the SLEDAI-2K was >4 in 16
patients (45.7 %), and none had a SLEDAI-2 K >10. No
patients had proteinuria at the time of the assessments, and
the median cumulative dose of corticosteroids at the second
assessment was 13.8 g (range, 8.7 to 19.3 g). Eighteen of the
35 patients (51.4 %) used oral calcium supplements, and 14/
35 (40 %) used vitamin D supplements. With regard to
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nutritional status, 19/35 (54.3 %) had normal body mass in-
dex, 8/35 (22.8 %) were overweight, 8/35 (22.8 %) were
obese, and 3/35 (8.6 %) had short stature. Low BMD was
found in 15/35 (42.8 %) (Table 1).

None of the variables studied (SLEDAI-2K, interval
between assessments, duration of disease, proteinuria,
cumulative corticosteroid dose, calcium and vitamin D
intake, FMI, LMI, ZBMI) was significantly associated with
the change in BC (data not shown). There was no correlation
between the time after menarche and changes in BC at time
point 1 (R=0.06, p=0.73) or time point 2 (R=0.039, p=0.824)
(data not shown).

There was no significant difference between time points 1
and 2 with respect to FMI, LMI, or ZBMI (Table 2). In con-
trast, there was a reduction in bone mineral content over this
interval, as demonstrated by the BMD of L1–L4 (−0.027 g/
cm2) and the bone ZH score (−0.260) (Table 2). In the adjusted
analysis, lack of supplementation with vitamin D was the only
factor significantly associated with the reduction in BMD over
the study interval (Table 3).

Discussion

This study showed a decrease in the BMD of postmenarcheal
female adolescents with JSLE that was associated with a lack
of vitamin D supplementation. A reduction in BMD in female
adolescents with JSLE has been reported in several cross-

sectional studies, suggesting that the low BMD in these pa-
tients is intrinsic to the disease or its treatment [13, 14, 16].

In 1998, Trapani et al. published the first longitudinal study
assessing BMD in a small number of children and adolescents
(n=15) with JSLE [18]. In contrast to our study, those authors
did not observe a significant difference in BMD at assess-
ments performed at two time points with a 1-year interval.
Similarly to our study, they did not report any association
between BMD and SLEDAI. Trapani et al., in turn, observed
a significant and inverse correlation between the cumulative
dose of corticosteroids and BMD, and the largest reduction
was observed in patients with a cumulative dose of corticoste-
roids below 10 g. In our study, however, we did not observe a
similar correlation [18].

As well as in our study, two prospective studies have re-
ported decreased BMD in JSLE patients after 1-year follow-
up [19, 20]. Abdwani et al. evaluated 27 patients whose me-
dian age at initial assessment was of 7 years. On the first
assessment, the authors reported that all patients had reduced
BMD (osteopenia or osteoporosis). In the second evaluation,
after 3 years, the proportion of patients with osteoporosis had
increased despite daily supplementation of 533 IU of vitamin
D. The authors concluded that the worsening of BMD is a
common finding in this population although they have not
been able to relate it to disease activity, use of immunosup-
pressant, or serum levels of vitamin D [20].

Lim et al. reported, in a study with 68 JSLE, a general
deteriorating trend over time in BMD that could be predicted
by a combination of factors namely pubertal status,

Table 1 Clinical variables,
calcium and vitamin D
supplementation, cumulative
corticosteroid dose, and
nutritional assessment of the
patients with juvenile systemic
lupus erythematosus

Variable Time point 1 (n=35) Time point 2 (n=35) P value

Age Years 15.4±1.8 16.2±1.5 <0.001a

SLEDAI Score 4.0 (0.0; 13.0) 2.0 (0.0; 10.0) 0.137b

>4 16 (45.7 %) 14 (40 %) 0.824c

Proteinuria mg/kg 0.07 (0.02; 4.83) 0.15 (0.03; 0.59) 0.695b

CRP mg/dL 0.6 (0.0; 27.0) 0.9 (0.02; 15.9) 0.642b

ESR mm/first hour 21.5 (6.0; 70.0) 20.0 (2.0; 90.0) 0.313b

Calcium intake Yes 18 (51.4 %) 27 (77.1 %) 0.003c

Vitamin D intake Yes 14 (40.0 %) 25 (71.4 %) 0.001c

Cumulative CTC dose grams 10.6 (5.7; 17.2)d 13.8 (8.7; 19.3)d <0.001a

Short stature Z-score 3 (8.6 %) 4 (11.4 %) 0.198a

Nutritional status Normal 19 (54.3 %) 21 (60 %) 0.500c

Overweight 8 (22.8 %) 5 (14.3 %) 0.333c

Obese 8 (22.8 %) 9 (25.7 %)

Low BMD Z<−2 15 (42.8 %) 14 (40.0 %) 0.500c

SLEDAI Systemic Lupus Erythematosus Disease Activity Index, CRP C-reactive protein, ESR erythrocyte
sedimentation rate, CTC corticosteroid
a Significance level of paired t test
b Significance level of Wilcoxon test
c Significance level of McNemar’s test
dMedian (interquartile range)

Clin Rheumatol (2015) 34:2065–2070 2067



overweight, and cumulative dose of steroids regardless the
supplementation of 1000 mg of calcium and more than
800 IU vitamin D daily [19].

Cross-sectional studies on children and adolescents with
JSLE have reported contradictory results with regard to the
association between the use of corticosteroids and BMD. Some
studies have reported the presence of a negative impact [13, 14,
18], while others have not reported a significant effect [14, 17].

With regard to the activity of the disease and BMD, no
studies on JSLE have reported a significant association be-
tween the SLEDAI and low BMD, which suggests a low
sensitivity of the SLEDAI for long-term outcomes such
bone-related outcomes. In our sample, 54.2 % of patients
had a SLEDAI <4, which characterizes a low level of disease
activity at the time of the assessments.

It is well known that the pathogenesis of low BMD and the
risk of fractures in SLE are multifactorial [3]. In an attempt to
clarify the mechanisms involved, Regio et al. described an
association between a reduced BMD and a decrease in lean
mass and suggested the importance of muscle rehabilitation as
a supportive treatment to reduce the risk of fractures [16].
Although we did not observe a significant reduction in lean

mass in our sample, such reductions compared with controls
have been reported in some cross-sectional studies [16, 17].

An increase in fat mass in patients with JSLE compared with
controls has been reported in the literature [16, 17, 25]. Lilleby
et al. reported overweight/obesity in approximately one third of
a sample of patients with JSLE. Based on their finding of an
increase in fat mass and a pro-atherogenic lipid profile, the
authors highlight the high cardiovascular risk in this population
[25]. The frequency of excess weight in our study sample was
45.7 %, and although this proportion was higher than the one
found by Lilleby et al., there was no significant difference be-
tween the two time points. It is noteworthy that patients were
cared for by a multidisciplinary team in our outpatient service
that included nutritionists and physical therapists, which may
explain our findings with respect to BC. Tekano et al. evaluated
pediatric patients with rheumatic disease treated with cortico-
steroids with andwithout nutritional counseling, and the second
group had more weight gain [26].

We observed that lack of vitamin D supplementation was
associated with a reduction in BMD in the lumbar spine. Pre-
vious studies have shown the high prevalence of vitamin D
deficiency in adults and adolescents with SLE [21, 27–33].

Table 2 Variation in BMD (L1–
L4), FMI, LMI, and BMI in
adolescents with juvenile
systemic lupus erythematosus
between the two assessment time
points

Variable Unit Mean (SD) Mean of the difference (CI 95 %) P value

Time point 1 Time point 2

BMD g/cm2 0.991 (0.11) 0.964 (0.12) −0.027 (−0.049; −0.006) 0.011

Bone Z-score −1.26 (1.39) −1.52 (1.31) −0.260 (−0.463; −0.056) 0.014

BMI Z-score 0.959 (1.27) 0.786 (1.37) −0.172 (−0.438; 0.092) 0.193

FMI kg/m2 8.474 (3.93) 8.587 (3.89) 0.113 (−0.528; 0.755) 0.722

LMI kg/m2 14.327 (1.55) 14.211 (1.62) −0.116 (−0.480; 0.247) 0.520

BMD bone mineral density from L1 to L4, g/cm2 grams per squared centimeter, CI 95 % 95 % confidence
interval, BMI body mass index, FMI fat mass index, LMI lean mass index

Table 3 Variation in BMD in juvenile systemic lupus erythematosus patients between the two assessment time points adjusted for vitamin D, calcium
and corticosteroid intake, and disease severity

Variable Mean (SD) Mean of the difference P value

Time point 1 Time point 2 (CI 95 %)

Vitamin D intake No (n=21) 0.983 (0.12) 0.956 (0.14) −0.027 (−0.052; −0.003) 0.027

Yes (n=14) 1.004 (0.12) 0.975 (0.09) −0.028 (−0.070; 0.014) 0.182

Calcium intake No (n=17) 1.007 (0.11) 0.985 (0.13) −0.021 (−0.047; 0.004) 0.099

Yes (n=18) 0.977 (0.12) 0.943 (0.12) −0.033 (−0.069; 0.001) 0.060

Cumulative CTC dose >13.8 g (n=17) 0.981 (0.12) 0.949 (0.12) −0.032 (−0.066; 0.001) 0.058

≤13.8 g (n=18) 1.00 (0.11) 0.097 (0.12) −0.022 (−0.051; 0.005) 0.107

SLEDAI >4 (n=14) 0.972 (0.12) 0.941 (0.15) −0.030 (−0.069; 0.008) 0.113

≤4 (n=21) 1.004 (0.11) 0.978 (0.10) −0.026 (−0.052; 0.001) 0.056

CI 95 % 95 % confidence interval, CTC corticosteroid, SLEDAI Systemic Lupus Erythematosus Disease Activity Index
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The use of corticosteroids, recommendations to avoid sun ex-
posure, and kidney impairment are risk factors for this deficien-
cy [21]. Casella et al. recently published a study evaluating the
impact of vitamin D deficiency on bone parameters in patients
with JSLE. The authors found that deficiency, regardless of
vitamin D supplementation, was associated with decreased
bone health and increased disease activity. The impact of vita-
min D deficiency on bone mass is more pronounced in phases
of rapid development such as adolescence [17].

At our outpatient clinic, patients on chronic corticosteroids
are provided with calcium and vitamin D supplementation as
recommended by the American College of Rheumatology
[34]. However, our data suggest that the use of the supple-
ments is not homogeneous because clinical obstacles such as
hypercalciuria prevent patients from following these instruc-
tions. Another hypothesis is that the low adherence to calcium
and vitamin D supplementation could be due to the misunder-
standing of the importance of these supplements and excess of
medicines that they have to take.

Although our findings of reduced BMDmay be attributed to
the coefficient of variation of the DXA equipment, it is impor-
tant to note that our sample consists only of adolescents who
should be acquiring bone mass during their development. The-
se data suggest an increased risk for developing bone fragility.

This study has several limitations: retrospective design and
lack of evaluation of pubertal stage, frequency of physical
exercise, food habits, and biomarkers of bone metabolism.
Nevertheless, it is a pioneering study in the longitudinal eval-
uation of BC and BMD in JSLE. Two other strong points in
the present study are the homogeneity of the sample with
regard to gender and the fact that all of the adolescents were
evaluated postmenarche.

In conclusion, the unfavorable evolution of bone mass in
adolescents with JSLE, which is associated with lack of vitamin
D supplementation, puts this population at risk for fractures and
highlights the importance of developing protocols with a focus
on the early diagnosis and treatment of vitamin D deficiency.

Disclosures None.
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